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Sorne Observations on the Fine Structure of

Trophozoite and Giant forrn of the Salí Marsh

Heterotrich Ciliate Fabrea salina (Henneguy).*

Algullas obsen'aciolles sobre la estructura filia de /roJozoides J I�

Jorma gigall/e del "e/ero/rico salobre, Fabrea salilla (HellllegIlY).
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Surfacc and illlern�¡J nrgancllcs nf lhe troplhl'-oih: ami gianl fOflm, 01' lhe marine hctL'rotrich cilialc

lahrl!il salina \"'crc stuJícll hy Nomarskí intcrfcrcncc contrast mil..'rnscopy and hy sC:lI1nillg and

lransmissioll electron nlil:roscopy. Tile A/.!vt slarts al lhe arical Lip anJ cxtCI1Js half",.'ay L!owllwarJ

along lhe lert \'cnlral surfacc where it spirals rigllt 3nJ dcsccnds iUlo Ihe ccll lt.:rllliJl<lting al lhe

l:ytosltlmc. Each AM consists 01' rows nI' Jikinctids cxccpt ncar Ihe posterior cnJ wllen.' IhcfL' are

three rows nI' kinctids. Adoral kinetiLls ,Ir(.' linkcLl hy crisscrnss fihrous l-'onncctitllls. A Ilon-cili<ltcd

hordcr. with suhpc'lJicular mierotuhulc. scparatcs the oral groO\'c frnm lhc AZt\1. -1l1C or<ll grotWl-' is

ciliatcd from the apicHI lir to Illc \'cstihululll. '111cre is no undulalin,C mcmhrane 011 t!J1: right siLlc of

Ihe oral grno\'C. Somalic ciliature. cnnsislinl; nf L1ikinctids. con�rs lIJe elllire cell ¡¡nd occurs in rows

hctViccn pcllicular riJges. Ah'colar memhranes alH.I tlll epi plasm are loeatcd undL:r the eell Illt..'mhranc.

Muct1cysts alld sOllle pigmcnl granules "'ere 1I0ted in the cpiplasl1l nlong wilh (Iolgi apparalus.

mitncholldria and dear vacuolcs. NUlllerous stnragL: granules are also prcsent. A Il1cmllranc.; hnunJ

rL'ticulaled cislefl1<1l structurc. pnssibly thc remains nI' the c.;xhaustcd I"ond vaeunlc. was fnulld ilJ tlw

vicinity nI" tlle cytoprol.'t, '111<.' filifnrm IlHH:rnnuck-us cnntaincJ I1UlllcrllUS nueknli. Mic.;rtll1uclei ,In:

locakJ dll .... C to the lIlaLTOlluC!cUS. (ji:ltlt fnrms dillcr from the vcgctativc forlll in thc pnsititlllillg nI'

Ihc hW..'I.'al apparatus as \VeJl as in lhe I.h.'gree nf \'al.'unlizntiolJ.

Kc�' nllrds: I�leetroll microscopy: Fahrctl.\"alilltl. Nomarski interfcrcncc microsl-'opy: soma tic :tnJ buceal

ultraslruelure.
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Los organoiJcs supcrfiei<i1cs e internos Je lo trofoznidcs y la fonua gig.mH.' Jd cili.uju I1ctcrolrico

J-11/m'a sa/illa fueron cstudiados eon minoscopía de contraste dc interferencia Normilskiy por

microscopía c1cctnínica dc harrido y transmisitlll. Las ZAM CCllllicll/.iln dcsde la punta apical y se

eXlicnJen hasta la mitad dc la supcrfice \"elltf<ll i/lluicrda donde gira ¡¡ 1<1 derecha para dl'secnJer

dentro de la célula terminando cn el citosloma. ('aJa r-,.'lA se enmpone Jc columnas de di4uinétidas

l'.'H'Cl'to cerca dt:llímitc posterior cn JonJe se ctlllforma dc tres l-'olulI1l1as Jl' cinctidas. 1,:lS einctiJas

adllr,lks cstán unidos por ctlncccioncs lihrllsas entrel..'ruzadas, I�I hllrJe no ciliar. cnllsta Je Un

lllierntúbulo suhpe1Jicular,l)UC separn ni SUft:n oral Je la í'.AM, FI sureo oral cs ciliadn dl'SJC la punt,¡

apicill hasta el vestíhulo. Ahí. en el Indo dercc!Jll del canal nral la mcmhrana no L'S ol1Jul:¡J,1. 1.,1

ciliatura snmática. consiste Je diyuinctiJas. qlle eubrcn toda la cclula y sc Jislrihuyen en colullltlils

entrc las crcstas pelicularcs. Las membranas ¡¡Ivclllares y un cpiplasllla Soll localizadns dcha.ill Je

la Illclllhr:lIla cclular. :\.lul'ol'jstns y alguuos gníllulos JI..' pigmcntos se ohservaron en c1l..'piplasll1a y a

• hni.ulu Ildr,l d \'UIUIIII."II NIl. -47 dI.' 1<1 HSI\III�. d('.lit',HI .. ,11

IIr. rm'arin IJ'pI'/-Odwll."n-na •

.. IJrp.trlm... nl "r IIinlu�i("al St'jt'lu'r.;. Quinnipiat. C.. III'):t'.

110111111... 11. ('''Illll'l'lil'ul n(,!'il�.n!'ihl). USA•

••• llinln:j(";,¡1 Ilt....du..J:nllJh). I_OIlII"lIt.lJ"ht'rt� (;("ul"J:i("al

1IIh ... ndl"l� .. r C"lulIlhiól Uni\C'I... il�. I'dli';d_l,. ... , N ..� Yur5..
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lo largo del aparato de Golgi. mitocondias y vacuolas claras. Además. se presentan numerosos

gránulos de almacenamiento. Una memhrana reticular mdea a una estructura cisterna!. posiblemente las

rcminiscenc:..;as de las vacuolas alimcnticia'". se encuentran próximas a el citoprocto. Los macronúclcos

filiformes contienen numerosos nucleolos. Los micronúcleos se localizan rodeados por los

macronúcleos. Las formas gigantes difieren de la forma vcgctativa por la posición del aparato bucal

así como cn el grado de vacuoliz31,;ón.

JJalahras clave: Microscopía clcctrónica. !'uhrea salina, microscopía de interferencia Nomarski.

Ultraestructura somática y bucal.

Introduction

Fabrea salina, a euryhaline heterolrich ciliate,

was firsl describes by Stepanow (1885, 1886) as a

spccies of Climacostomum found in salt lakcs of

Slaviansk. Shorlly thereafter lIenneguy (1890),

nOling lhal the ciliate did nol fulfilllhe definilion

of a spccics of Climacostomum, rcnamcd ilo Repak

(1972) placed the organism within a new family

Climacostomaidae. The morphology of F. salina as

revealed with brighl field microscopy has been

sludied by a number of investigators (Ellis, 1937;

Enlz, 1904; Fauré-Fremiet, 1911, 1912; (Kirby,

1934; 'liJffrau, 1967; Villeneuve-Ilrachon, 1940).

Several heterolrich ciliates have been sludied with

electroo microscopy thcse ineludc: Blephan'sma

(Dembilzer & lIirshfield, 1966; Inaba, el al, 1958;

Kennedy, (965), C/imacoslomum (I'eck el al, 1975),

Condylosloma (lIohatier, 1978; Yagiu & Shigcnaka,

1958a, 1958b), Eufolliculinu (M ulisch & Ilausmann,

1984), Nyclolherus (King e/ al, 1961; Puytorac &

Otkem, 1967), I'hacodinium (Dider & Dragesco,

1979), Plagi%ma (Albaret, 1973), Sicuophora

(l'uylOlac & Grain, 1968), Spiros/omum (Finley,

1951. 1955; Grain, 1968; Inaba, 1960; Randall,

1957), Slenlor (Inaba, 1959; Pelval, 1985; Randall

& Jackson, 1958). 'lb date there is no lileralure on

the fine structure of Fahreasalina in trophic or giant

formo (Jiant protozoa wcrc reported hy scvcral

investigators cacliee in this ccntury in scvcral

protozoa specics ranging from flagellates to

rhimpods and ciliates (Giese, 1973). Gianl forms

of IJ/rpharisma speLÍes are perhaps lhe mosl widcly

sludied (Ilhandary & llirshfield, 1964; Giese, 1973;

Kasturi Ilair & Dilli, 1976; Lennartz& Ilovee, 1980;

Nilsson, 1967; I'ierce e/ al, 1978; Rickards & Lynn,

1985). Giant Bleplratirma are considerably larger

(1.5-2X) lhan lhe lrophozoite. The body width,

number of adoral membranelles (AM), adoral zone

of membranelles (AZM) lenglh, number of somatic

ciliary rows (SeR) also increase in the same

fashion. FurlhermOle lhe giants are usually capable

of c.,nnibalism (I'ieree el al, 1978). The objeclive

of this invcstigation is to slUdy the fine structurc

of lhe lrophol.Oile and gianll-: salina through the

use of transmission and scanning clectroo

microscopy.

Materials and Methods

Slocks were grown in screw-capped test tubes

conlaining 10 mI of sterile, seawater al 1'" 8, 26'1

00 salinily that had been filtered wilh activaled

charcoal, 2 harlcy kcrncls and E5cJtt'richia coli

(ornithinc positivc; rahnosc negalive) f: salina was

oblained from lhe A Kubalski (Depl. Cell Biology,

Nencki Institute uf Experirnentallliology, Warsaw,

I'oland). Cultures were kept at 26'C and

subculturcd monthly. Dixenic cultures werc

preparcd and maintaincd as prcviously descrihcd

by Repak (37,381. Sorne cultures were prepared

using Sea Salts at 66 %0. Photomicrography was

by a Leitz Nomarsky Interferenee Microscopy and

an Orthomat automatic camera.

Samplcs roc transmission electron microscopywcrc

fixed for 1 h in 5% (viv) glutaraldehyde 25'C

prepared in 0.25M sucrose/O.1 M cacodyla buffer

at 1'117.2. Following aspiration of the fixalive, the

specimens were washed in cold (5- IO'C) buffer

solulion for 15 to 20 mino Tbe fixed eells were lhen

post-fixed for 2 h al 3'(' in 2% (w/v) osmium

tetroxide prepared in lhe same cacodylale buffer

used for the g1ularaldehyde fixation, rinsed with

waler and dehydraled through a series of aqueous

acctone solutions. 'Ine ciliates were infiltratcd and

embedded with Epan 812 and sectioned wilh a

diamond knife, using a 1'0rter-llIum MT2

ultramicrotome. Sections wcrc collected 00

uncoaled copper grids, post-stained with alkaline

lead citrale, and viewed with a I'hilips EM 201

electron microscope operated al 60 or 80 kV.

I
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Spccirncns fur scanning electron microscopy were

fixed wilh Kamovsky's mixlure (Uo & Kamovsk")',

I%S; Kamovsky, 1965) washed wilh dislilled waler,

suspended in 10% (v/v) aqueous elhanol 5Olulion,

t1eposited onto aluminum stuhs coatcu with

douhle-sided slicky lape freeze dricd using liquid

nilrogen, and coaled wilh gold pallodiom for

vicwing wilh a Cambridge Slereosean 250 Mk 2

scanning electron microscope.
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SCUllIlillg, E/eclnJ1l A-licroscopJ'

'Ibe organism is pyriform in general shape (Figs.

I-�). The buceal apparalus bcgins al Ihe apicallip

prohoscis and cxtends posteriorly along thc ven­

lral surfaee lo aboull!2 Ihe lenglh of Ihe ciliale. U

consislsof an AZM on Ihe organism's left, a cilialed

bueeal groove jusI righl of Ihe AZM and a

C)10slome. 'Ibe AZM begins al Ihe apieallip, runs

Ihe lenglh of Ihe bueeal apparalos op lo Ihe I!2way

poiot then Iurns right across Ihe ventral surfacc.

On Ihe left side il spirals inward and downward

inlo lhe cyloplasm (Fig. 2).

'Ibe AZM is embedded in ils own ehannel, Ihal is

hordered eenlripelally by a pellicular ridge whieh

Iacks eilia. Medial lo Ihe AZM is a eilialed hueeal

groove (Fig 2 & 4). 'lbe porlion of Ihe venlral

surface bordering upon Ihe buceal groove is parl

of the sorna tic ciliature. This area is cilíated,

elevaled and rounded (Fig. 2). -Ibere is no evidence

of an undulating rncmbranc. Thc sornatic ciliature

is localed wilhin pellieular grooves (Figs.3 & 6).

Hgs. 6 & 7 show lhe delails of gianl forms of ¡,

salina. 'Ibc hu<.:cal apparatus is arrangetl more in a

Slenlorian fashion Ihan Ihal of Ihe lrophowile.

The bueeal apparalus has become planar and

orienled anleriorly ralher Ihan ventrally. lbe api",,1

lip, proboseis, is nol as prolonged as lhat of Ihe

lrophozoite and resembles a nipple. lbe hody of

lhe gianl is generally spherieal compared lo Ihe

trophoi".oitc.
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TrafL'.mi.\'sioll E/eL'lmll Microscopy

TROI'II0ZOITE

The AZM bcgins allhe anlerior tip of the trophie

organisrn antl is eomposcd of Cwo rows of nUJ.!1Crous

31

dikinecids. Each douhlc row is separaled frorn

anolher sel by pellieular ridges (Figs. 8, 9 and 21).

The remainder of lhe surfacc is composed ofwidely

spaced individual sumalie dikinctids in grooves

forrned hy pellicular ridges. 'Ibe somatie cilialure

is arranged in rows parallel to thc longitudinal axis

of the organismo Delails of the somalic dikinetid

arrangement (Fig. 22),

'Ibe surfaee of Ihe organism is eovered by a Iypieal

plasma membrane, Underlying lhe plasma

memhrane is a definitive alveolar layer (Fig. 8),

netails of the suhpcllieular to surfaec structure can

he seen in Figs. 10 & 11. 'Ibe oral polykinetids are

arranged in a staggered order comparahle to thc

hcxagonal.packcd polykinetids. llowever, aside

from lhe slaggered arrangemenl, the subpellicular

fihrillar organization fits that dcscrihes for s4uare­

packed polykinelids (Fig. 11 & 21). Closer to the

cylostornc region. lhe numhcr 01' rows increases to

3 jusI prior lo Ihe lermination of the AZM (Fig. 12

- 14). The AZM is anchored in a vaeuolated

subpellieular layer. The eilia of Ihe AZM Iilerally

cover lhe spacc leading inlo the cytostome (Fi,,'5,

12 & 13). -Ibe memhrane near lhe eyloslome is

typically lined wilh rowsof perpendieularly oriented

microtuhule associatcd with small vacuoles (Fig.

15 & 16). 'Ibe barren region is devoid nf cilia. A

singular layer of microlubule has heen ohscrved

below the alveolar slratum (Fig. 17), 'Ibe alveolar

system in r"abrea is of ¡nterest hecause 01' its

association with sheets of subpcllicular microtuhulc

in the medial portion of the AZM (Fig. 17), 'Ibere

appears a hint of possihle function for sueh an

alveolar systcm in this marine ciliate. It was nolcd

lhal in ciliates taken from high salinily cultures >40

0/(0), the alveoli were very well developed as

eompared to organism"i raiscu in lower salinitics.

Thc lransvcrse rihhon of rnicrotubule extends

lan,,'Cnlially and posteriorly. 'lbe postciliary ribbon

of mierotubule diverges from lhe posterior

kinctosorne al an angle of ahoul 45° to the

kinetndesmala. Each somatic posteiliary rihhon

conneets to the distal portion of lhe kinetodesrnata

of the nexl dikinetid. lbe posterior ciliary ribbons

of oral dikinelids, on the other hand, appear lo be

parallcl to lhe kinetouesmata anu thcn connccl with

lhem.

In lhe oral apparatus of F. salina, cach rnernher of

a dikinelid pair are cross conncctcd to each 01' the

nearest four kinetosomes (Fig. 21). Largo bands



32 A J. REPAK: O. R. ANDEH.s( >N

of linear arranged fibrous material conocet cach

medial kinctosornc in a ro\\'. The kinclosnrncs

COl1llcclcd lo kincloucsmala are similarly

conncctcd hy fihrils which appear 10 eross from lhe

cighlh triplet of lhe anterior organcllc 10 lhe sixth

triple! nf lhe ncxt posterior une. Anothcr sel nf

fihrils gOl'S from lhe first anterior lriplel lo lhe sixth

sel. Thc lwo rows are intcn:onnccl(.'u hy 1\\'0 oc

lhree fihrils cxtcnding from a more lateral

kinclosornc al an anglc of 450 postcriorly lo triplels

scvcn ano cighl. From caeh kinctosornc onc fibril

cxtcm.ls from triple 3 antcriorly lo triplel 7.

Parasomal saes are uispcrscu in hctwccn lhe oral

kinctids. '111C ncmatmJcsmata are rncdially )ocaleu

deep helow lhe oral apparalus, (Fig. 10 and 11).

In lhe somatic rcgions. (iolgi are singularly

scattcrcu in lhe cCloplasm. They arpear as thin

stacks of f1altcncu cistcrnac surrounucd hy

mitocholluria (Fig. IX). In addition. numcrolls

rnucocysts and granules are presenl.

A mcrnhranc.h(>unu rcticulatcd cisternal structurc.

IlO{ much largcr than lhe surrounding

mitochomiria, was found in lhe posterior portion

of lhe ccll jusI ahovc lhe cytoproet. Dense fihrnus

material fills lhe cistcrnac 01' (his organcllc (Fig.

19).

'111C cnu()plasm ('ontains nurncrous mitochonuria.

vacuoles of varying sizcs ano what appcars lo he

(ll.)lysacchariuc st(lragc granules. 'Ibere wcrc largc

foou vacuolcs containing eilhcr hacteria or algac,

dcpcnding upon lhe diel.

The maernnueleus is filiform. The periphery of lhe

macronucleus appcars to have an undulate

appearancc. Nurncrous nucleoli are evidcnt (Fig.

20). Mieronuclei were found c10se lo lhe

macronuclcus. The locatiun 01' thc micronuc1ei,

dose to that 01' the macronucleus, matle them

oiffÍl:ult to visualize using convenlional <.:ytological

staining tcchni4ues, e.g. Feulgen. One inleresting

llh:'icrvation is that lhe nuclear material tilles nol

rcspono wel! lo Feulgcn reagents ur lhe use of

DAI'I.

GL\NTS

Ciianls are ncarly douhlc in sizc compared lo the

lrophozoile. Anolher differencc is lhatthere is an

increase in vacuolation of lhe t)'loplasm of lhe

gianl. llo1h forms have polykinelidswilh 2 or 3 rows

�

in the AZM. '111e one nolahle distinction is th<.'

alteralion in Ihe shape 01' lhe mouth ano the

shrinkagc 01' 1he anterior end. A great ucal of

vacuolil'.alion is commonly llbscrved in gianl Fahrell.

DisclIssion

That Fahn'a salina is a hetcrotrichous cilíate is

evidcnt from thc tlikinctio paltcrn of its oral ano

somalie eilialure (I.ynn, 19XI). Althllugh lhe

dikinctid patterns of /-: salina are similar to those

01' other heterotrich ciliates. therc is sufficient

variahility accountahle as species differcnces. In J-:

salina lhe kinctooesmatal fihrils are rather

outstandingas comparctl lo those of C. "irens (Pcck

el al, 1975) and laleraHy direelcd. These kinds llf

connections are no1 as cvident in C. w'rens. Similar

interconnections were notco f()r Eufolliclllina uhli¡':l

(Muliseh & lIausmann 19X-I).

Perhaps there is a relalionship hclween water

cOI1scrvation ami the cxpansion 01' thc al"coli hut

wc have no tlefiniti"c cvitlcnce for the rclationship.

A mcmhrane hountl rcticulatctl dstcrnal-likc

structurc (Fig. 19) found in the posterior 01' /-:

salina may represent the remains of ao cxocytizcd

[ood vacuole in the proccss 01' heiog rccyclcd:

especially sincc in one section a cytoproct was

locatctl nearhy. Similar structures havc heco

descrihes in Puramecium (Fok & Allen. 1l)�X).

(¡iant Fahrea werc ioitially o"erlooked as a slage

in lhe life eycle 01 lhis helerolrieh. Ilenneguy 1151

noled lhal some Fahrea aehieved length and widlhs

01450 flm X 221 �m. Enlz (1904) eslimaled some

forms reaeh a sizc of 6l)() flm X 3()(J �m. Kirhy's

(193-1) upper limils were 221 flm X 125 flm. EHis

(19M) was lhe firsllo note lhe exislence of gianls.

The oormal ran¡,'C is 120-IXO mm in lenglh ami 67.

XO mm in widlh. 'l1lC gianl form aiso misled some

invesligalors (Kahl, 1935) inlo lhinking lhal/'llhrea

hclon¡,'Cd among lhe Slenloridae heeausc of the

rcsemhlancc 01' the huccal apparatus to lhat of

Slenlor. I'ieree el al. (1978) suggested lhal in

IJ/epltansmu an increase in water reteolioo may he

responsiblc for inhibiting t)'tokincsis and forcing

Ihc utiliza.tiun nI' matcrials from a •• mcmhrane

bank". I.ennartz & Bovee (19XO) found lhal

lJ.-locopherol suecinale al aboul 10" M affeels lhe

membranes nI' the trophozoites in IJlephari.wnu
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l.:ausinggiant formation. Atlcmpts al using Vitamin

1" on Fahreu so rar havc faíleu 10 produce gianls.

'Ibis might he a prohlcm rclatcu lo lhe salt cuntenl

of the marine cl1vironrncnl. More biometrical and

cytological studics of the dctails of giant forros are

Ilccdcd.

Aerording to Corliss (1961 l, heterotriehs

charactcristically possess uniform somalic dlialurc

anu conspicuous huecal ciliature with ao adoral

(oral) J'.oI1C of rnany mcmhrancllcs. Ilctcrotrichs

may have arisen from hyrncl1ostorncs, posscs..'iing a

lctrahyrncna mouth patlcrn. which consists of an

undulating mcmhranc on lhe organism's right and

a Iripartite AZM on the leh. Corliss' (1961) scheme

docs nnl consil!cr lhe cvolution arnong lhe

helcrotrichs . .Iank(lWski (1964) prcscntcd a scherne

giving dClails of thc possiblc c\'olutioll amollg the

hetcrolrichs amI suggcsted a prototypc organismo

IUt'phansma.

AII hClerotrichs possess the elahorate AZM hul

uiffcr from each othcr and the lelrahyrnenal

pallem. Slt'nlor lacks an undulating memnranc in

its apically arrangcd circular huccal apparatus.

Condy/o.'iloma posscss an opcn-cndcd shovel­

shapcd buceal apparatus instcml of pyriform one.

.\pirostomum ami fJtrrahlepharáma possess reduced

or grcatly exaggerated undulating mcrnhranes.

.Ilctoplls has an overlapped AZM and huceal

apparatus similar to that of ll/t'phalisma. ""ah,.('a

has a pyriform hody shape similar lo lhat of

HIt'phw1sma. rlllc mnuth of Fahrell is also pyrifonn.

Ii was .Iankowski's (1964) contenlion that ti", huecal

pattnn nf U/t'plwrisma may he the prolnlype- for

t)ther hetef(ltrichs.

Thcrc are other features that correlateu the

rl'¡¡llionship arnong heterotrichs. Many 01' these

dUates arc pigrnenteu. Mosl /fh'pluuisma species

arl' noted fur their purple-reudish pigment,

IllOpurpurin. Sorne IUepharisma are pinkish nr

ul'\'oiu 01' pigrncnt. Sorne Slentor speeics posscss

stentnrin \'w'hich varies frnrn hlue green to alizarin

rl'd depcndingon the kind ol"lighting (Ii"ler, 1961).

rhe purplish.red of S. igneus may he the same as

Ihe zoopurpurill of IJlepharisma. S. nlK('r has a

hrown pigment as may does a variety 01' S. iW1eus

nigricans. 'Ihe I.'ollieuliniús, e.g./�'ufollicu/ina uhliKi,

(Muliseh el al, 19H4) are bluc in color. Fahrea is

mlorcu brownish in most cultures. llowevcr, when

rorming cysts. thc pigment of (he carly eysl slage-s

hernre wall I"ormation is a deep purple color.

Pigrncnt may scrve as a proteelivc devise againsl

prcdalion or may cnahlc these organism� to oricllt

themselvcs to liglll or protccl lhemsel"cs against

ultraviolet lighl (<<iese, 1973).

Ciiant formation is shareu at least by two genera.

lJ/epharisma anu Fahrea. It rnight hc that sorne

specics are jusI too hig lo hceome.giants. e.g. Slentor

and Spiro,\'/omUIIl.

At the ultraslrudurallevelllll' piclure is a hit more

c(lnlusing. In Blt'plransma each ad()rar rnernhranellc

acconJing lo Kcnnedy consists of a plale of lhree

ro\\'S 01' hasal granules arrangcd in a hexagonal

pattcrn. Fibrils are joined to form a fan shapeu

struclurc that tapcrs towanJ the middle 01' the

huccal apparatus and forks conneeting lo

ncighboring memhrallclles. Fihrils also cross to the

unuulaling memhranc. Thc vestihulum 01' the

huceal slructure in IJlepharisma is devoid of ciHa.

Fahn'a has an oral ridgc to which lhe auoral

rncmhranelle appear tu he connected. The

vestihulum is covered wilh cilia amI there is no

undulatingrnemhrane. MoSI of Ihe AZM 01' Fa/m'a

consist nI' lwo rows of eilia execpt near the

cytostome where lhe numher nI' rows increascs lo

three per membranelle. Lynn (1991) argues for

divcrsily among the hetcrotrieh kinctids. I.ynn's

charaetcrizalion 01 a hcterolrieh uikinelitl is "a

cilialCd anterior kinctosomc with a curved

transvcrsc ribhon; a posterior kinctosomc. eilialed

in Ihe rcar of the cell. wilh transversc ribhon of

5-6 microluhules al triplets 4 and 5. a divcrb'Cnl

postciliary rihhon of ahout 15 micrnluhules thal

eXlcnds posteriorly to form a postciliodesma scnsu

stricto. a latcrally-uirecleu non-striateu kinetodcsmal

fihril at lriplets 5, anu 6 anu a dense fibril ncar

triplets 3 & 4 that extends laterally leh," Aeeording

to I.ynn (1991 )./:'uJollicu/ina. ('omiy/oslomll. SIento,.

anu C/imacOSlOmW1l constitute one grouping 01'

heternlrich which sharc this pattern of dikinelid.

Sicuophora's dikinctid uiffcrs from lhose of this

!,.lfOUP as well as from lhat of Transitd/a. There are

then 3 groupings depending upon lhe dikinelid

pattern, Fabrt'll as wcll as lhat uf lJ/epharisma

appcars to fit in the gTouping along wilh Slenlor

etc. Where dnes Spi,.ostomum fit in? 1 would gucss

that it will join Ihat 01' the .""/t'nto,., etc. grouping,

There is also the question 01' Nyto/herus and thc

remaining helerotrichs as lo thcir relalionship to

the other hcterotriehs. A study 01" their kinetid

pattem is in order.
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Fi�. t. NomaNiki interfel'ellt.'e phue micl'us('opy nUhe trophowile oC R .m{i'lll. N.n. The len side uf lhe ol'Jl:ilnism js on the viewer's

IdL I'hotomi('n'J:ral)hy tlloken thrul12h lhe do.." .. 1 SlIIfll('I'. Note Ihe p,"uhusds uralltt'liur ti,)" lhe ildul1tl zone ufmemhnlollt'lle. vf'dibula.'

rT�ioll o( Ihe ol"lll �nlOn. filironn nld<'"IDUdf'llS and tht' rnod \'a('uole .. 110111)' hf.furt" exo()-Iosi ... nar scale = 20 lun: AZl\1 = adon.l

lone l" memhranellrs: Fv = (ood \"aeuolr: Mil = rnacmnudtllS: P = pn.hosds.

FiJ:o 2. Ventral SI':l\1 virw orlhe tropho1'.Oile o( E�,tllÍ1H1. Same unentaliull as Ihe prr,-iuus l)iJolomil'n'J:raph alld ShOMiuJ: Ihe pruminrnl

orallN'llit'ula r ridJ:e. nar sU.Ie =30 JJ.m: ¡\Zl\1 = ildllrdl zoor uf memhranellf'S: .. = prnhu ..ds.

FiJ:. 3. lA'rt S¡':M view uf lhe Iropho7,nilt'. Nnte mt'(a('hroma1i(' wans uf SO IlIót I il' ('¡Iia. Bar sn&le = 30 Jun: ¡\ZM

memhrllllt'lll"s.

adoral 1,01le or

FiJ!:.'¡. SEM ,"itw of a portion uf Iht' ¡\Z1\1 showin� Iht' ('hannt'1 in whkh il io¡ t'm�ddt"d.lht' individual adoral nM'mh ... ndlt'. (lral C:iliil

and (lit' urdl ridJ!:t'. Raro¡t'alt' = tu JAm:.-\1\1 = .adoroll nlt'Dlhrant'lIt: OC = oral cilia: OH = 0011 rid�t'•
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Fil!:, .5. SErtl ,-iew ur surnati(' l'ilia lo('alt"d un Ihe suria('(' urlhe ol�anislll wilhin 1M'lIj('ular �nlVf'S aud separalf'd hy Ilelli('ul¡l .. rid�('s.

lIal" s('ale = 10 ,Uli: .'U = pdlicul.. r ridKe.

Fil!:, 6. SEM laleral \'iew or Ihf' gianl ronu or f: mlilla. Nule Ibe slelllor-like arrdllJ!:e orlhe blk'cal "p'paralus. The p.'ohosci<; is tu 1111.'

It'nurlhe pholominJgr.tpb. Barscale = 29 mm: AZM = ador.tl zone ornW'llIhrdllelles: on = oral ridgf': J> = Ilnlhllo;l'is: V = \'Cslihulum.

"iJ:, 7. Apical ,-iew IIr Ihe �ianl ronu sho\\iul:!: Ihe AZM ...hnwin� Ihe pruhoscis. oral )!:l"1lm-e. l")'lo"ilume. of"lrll rid)!:e. Veslihulum .. nd

,\ZM, Uar scale = 27 f-1m: AZM = adoral zone or memlJraDelles: el = l')loslllme: OC; = or.. 1 �roO\'C: on = or.. 1 ridJ!:f'.
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Fi�. H. ,\¡ljt'al e ..o ........-dio" 0(. lropho:luilr .. howin� Ihe adoral nwmhnllDt'lIes allh .. tup .. rru\4� Sumalie dliaturT laml",) in Iht'ir

Iwllit'ulllr �mo\t's "lid ...t'pal'1llrd hllwllil'ular rid�t's al Ih,. hultom of Iht' phllhlllli('n'�nlph. V.. t'unl IUT "'¡ .. ihlt' in Ihe t'lIdtJpl .... UL

E'llt"ddll)' nolahk aT"l' tht' numhC'r- ufmito<'!lUlldria in (lIio; lTJ:inn. Tht' ah-rul.lr fTJ:iUII "f.ht' 1)('lIid h,,"""" "-dl'Unlil.dlion. Hikillrtid ..

¡trI' .....u (',,¡dfOnl in Iht' rdupla .. m. Uit,. ..(".. Ir = � IJ.m: \'0 = ",,('unir.

Fil:. 1). Apil... 1 oh1itlut' st'dioll uf Ihe tmphomilt' lak"D frum lhe ,"'rulnl �J!:inll uf Iht' IlIlt'1,.. 1 appanttu.. uf a J!:ianL N.B. Ih .. iln....t''' ..l.

rrtJlII h"o tu Oll'('t' dliar)' row .. (411"111""1: alld Ih .. illcrt'a ....d llulIlhcl'OrVHl"Uoles in lile ('('tullldsmi<'dnd (.Illlupl .... mi(.....l:ion. Bar <;t'all'

= 2.5 ,un: VII = \'a('lIIlle.

FiJ::. 1 ti. ()hliqut' slin'lhI111ll!:h alllldurdl mt'mhraUI'III' ofthf' h'ulllulIllile shu""ill� \'arillus len'l .. oflhl' dlia. kineh,,,uIlJaI aud dikim.tid

(.Ullllt"(,tiull .... nar ...ealt' = llo� !-uu: 1'(' = 1)I .... ldli.11) rihhun uf mitTUluhlllt's: I's = IJa,'a"olll<ll sal': MI = mitTutllhult'so

Fi=. 11. Enlal"J:l'lIu'nt uf Ih,. ha .... I slrm'llIl"f' uf Iht' AZl\1 shn",in= Ihl' inlt'n"'OIlIlt'dillt dikinf'lith.......m.ialt"d Jlilrdsumal Sil('S ilud

killl'l ..df'smatao Uilr o;.(°illt' = Oo� ,UII.,

Fil!:. 12. Oral dliaIUIl,' iJl Ih(" alTilS leadin:: lo 111(' t'Jlu .. tulllt' of iI trollllm:uit(". nar sealf' =.5 J!nL

Fil!:. U. CJluslolllal n'�ional ShHWilJ1!: Ihf' sllil'al illld AI\I ro""s. Bal' ,,'ale = S J!m

Fil!:o 14. lIi�hel' lIIa�lIifit'atillll uf 1111' '"U",SO with J dlia .IIl"ru .. s fl'lIlII the hlu'nll Hpp;lralus uf a �ialll. Bar M'al(, = 1 'UII•

..
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Fil:. 21. Uiagrammatic repl"esenlation of (be dikinelid arran�eDl�nt in Ihe adoral memhranelle. Ak = antrrior kinelid: Ir =

illteITonnt"('(inl: fihrils: Kd = kinelodesmata: Pe = pmilcilial), dhholl of miemtuhules: Pk = po!>lerior kinelid: Ps = p¡.... somal

\'8('1101(".: T = tl.t11Sverse rihbon of microluhllles.
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Fil:. 22. ))ial:rilmmali(' reprt'sentalioD ofsolllólltic dikinclids ilud IIrmalodesmala. Ak = anltnor kinetid: Ir = inlerTOnnf'rlinl!: Ohrils::

Kd = kineludf' ..mal.. : Nd = nematodesOlilla: 1'(' = postdliary rihlmn ohnicmluhules: Pk = posluiorkinrtid: T = Ihn.."erse ribhuu

uf mil""'Jluhules.
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